The background for this paper lies in a series of studies of regularity, rigidity, and precision in sound waves. During this year, in our laboratory Dr. Simon has measured variability in the wave-lengths of consecutive sound waves in music and speech. Mr The principle involved is a well recognized theory of art. The new feature is the objectifying of it in terms of quantitative measurements. In music and speech, pure tone, true pitch, exact intonation, perfect harmony, rigid rhythm, even touch, precise time play a relatively small role. They are mainly points of orientation for art and nature. The unlimited resources for vocal and instrumental art lie in artistic deviation from the pure, the true, the exact, the perfect, the rigid, the even and the precise. This deviation from the exact is, on the whole, the medium for the creation of the beautiful-for the conveying of emotion. That is the secret of the plasticity of art. The exact is cold, restricted, and unemotional; and, however beautiful, in itself soon palls upon us.
flirtation with it.
The aim of our paper is to show, by one example how by the process of photographing sound waves, we obtain adequate data for an objective portrayal or description of the expression of emotion in music; and that this description as a rule becomes a statement of the character and the extent of deviations from the exact in each and every attribute of sound.
Such expression of emotion is the language of emotion in music.
There are four elemental attributes of sounds; pitch, duration, intensity, and extensity. Extensity may be combined with pitch, with which it varies inversely. This leaves us then only three elemental factors to deal with-pitch, time, and intensity.
Of the complex traits of sounds Volume may be expressed in intensity, extensity, and the re-duplication of these. Rhythm is made up of time VoL. 11, 1925 1. Frequency, which gives us all the phenomena of pitch. 2. Duration, which gives us all the temporal phenomena. 3. Amplitude, which gives us all the phenomena of intensity or loudness, and 4. Form, which gives all the phenomena of timbre or tone qua ity.
In the present example, two of these phases are represented by the musical score; the phenomena of pitch and the phenomena of time. The other two factors, namely, intensity and timbre, may be measured and shown in a similar manner, but are not included in the present score partly because too many data in a single score would clutter it, and partly also because at the present stage our interests have not centered about these, and our technique for them is not fully adequate, though quite within reach.
Let us now turn to the score and consider first pitch or intonation.* None of the singers hold any true pitch. The flutter in pitch is the vibrato. On the basis of measurements like these we define a good vibrato as a periodic oscillation of pitch, taking the form of a sine curve representing an amplitude approximately a half-tone interval in pitch, synchronizing with an equally perceptible amplitude for intensity at the rate of about seven oscillations per second.
Such vibrato is one aspect of the expression of tender emotion. It is a highly refined trembling expressing emotionality. It is not to be confused with the tremolo which is usually exaggerated, labored and ugly.
Observe the continuity of this in the song by Mr. Welles, and the similarity of his vibrato to that of the other 11 artists. The verse sung by Welles was photographed directly from singing without accompaniment. The sample tone from other singers was photographed from phonograph records.
Unemotional singling lacks this grace, and is either exact or erratic in intonation.
By present photographic methods it is possible to organize the foundation for a science of countless emotional factors, and thus pave the way for the theory and practice of the art. Many of these laws have already been established, but the most significant fact today is the proof that emotional expression of this kind can be measured adequately.
Note other matters of intonation; e.g., the attack, the release, the glide, the tie-each a means for the expression of emotion.
Among the most interesting deviations of pitch are the corrections for illusions of hearing. To make a tone sound right it must often be sung wrong. Notice also observable personal traits; e.g., the tendency for Case to linger on her high flute notes; or Melba's characteristic form of attack for a note of this kind.
Turn for just a moment to the temporal phenomena-time, tempo, rhythm-all expressed in the numerical notation and the spacing at the bottom of the score. Here we find again the "flirtation" with the exact -one moment hitting time with precision, then a dash of defiance, a wistful approach, an assertion of freedom which is but the affirmation of lawthat grace, that boldness, that richness of charm which stirs in us the emotion that the artist feels. * In presenting this paper before the National Academy, the speaker exhibited a complete score of "Annie Laurie" as sung by Laurel Welles and, for comparison, one note in this selection as sung by ten other artists. Figure 1 The introduction of psychological measurements has revealed three features of individual differences with such striking force that the educator must take notice of them to'the extent of radical changes in the educational procedure. These are: (1) the magnitude,' (2) the fixity, and (3) the intricacy in organization of varieties of individual differences.
It is a general rule that the magnitude of individual differences varies with the specificness of the feature measured. For example, two students may seem to vary in college work as one to two in the general power of memory, but when we test them on a specific type of memory, such as memory for geometrical form, the difference may prove to be 5, 10 or 20 times as great; and the same person may have 5, 10 or 20 times as good memory for geometrical form as he has for tonal quality, or vice versa. Such differences may represent vital conditions for success; as, for example, on the one hand in graphic arts, on the other in music. The same principle applies to countless capacities in mathematics, natural science,' philosophy or literature.
Our best measures of such fixity are appearing in the realms of the psychophysic capacities, motor personal equations, and types of mental
